The present study investigated the sensitivity to stress and diazepam in weaning (21-day old) Wistar rats. A single 15-min session of forced swimming was used to induce anxiety-like behavior. The group that was forced to swim exhibited an increase in anxiety-like behavior in the elevated plus maze (EPM) and open field test (OFT) compared to the non-stressed group. Diazepam (1 h before the tests) reduced anxiety-like behavior in rats forced to swim compared to the vehicle stressed group. The dose-response curve for diazepam indicated that the 0.5 mg kg -1 dose (1 h before the EPM and OFT) was the minimum effective dose in reducing anxiety-like behavior without altering locomotor activity in weaning rats. These results indicate that weaning rats can develop anxiety-like behavior after a brief, single session of stress, and that rats at this age are seemingly more sensitive to diazepam than adult rats, which may be taken into account for clinical applications.
Anxiety and depression are emotional disorders that are scarcely investigated in very young animals. The elevated plus maze (EPM) has been extensively used to explore behavioral responses to anxiolytic drugs (1) . On postnatal days (PND) 34-39, rats spend more time on the open arms of the EPM than older rats (2), suggesting age-related differences in the expression of anxiety-like behavior. In the open field test (OFT), infant rats exhibit locomotor activity that is similar to adult rats when they are in familiar cages, but age-related differences in locomotor activity are observed when rats are exposed to a novel open field environment (3).
Diazepam is one of the most commonly used anxiolytic drugs. It is used as a reference anxiolytic drug at a minimal dose of 1-2 mg kg -1 in adult rats subjected to experimental models of anxiety (4) . However, responses to stressful situations and subsequent responses to anxiolytic drugs have been scarcely explored in very young animals. Therefore, the aim of the present study was to investigate the effects of a single 15-min session of forced swim stress on anxiety-like behavior in weaning rats on PND21 and to explore the possible differential potency of diazepam.
EXPERIMENTAL

Animals
The study included offspring of Wistar rats provided by the Biomedical Research Institute, National Autonomous University of Mexico (UNAM), Xalapa, Mexico. During gestation and after delivery, each dam and its litter (approximately 10 pups) remained in acrylic boxes (44 cm length × 33 cm width × 20 cm height) under a 12 h/12 h light/dark cycle (lights on at 7:00 a.m.) with free access to purified water and food (Teklad Lab Animal Diets, USA). The nest remained undisturbed, with minimal handling when changing the bedding material (every 48 h). The offspring (45 ± 5 g each) were weaned on PND21. They were then randomly assigned to eight experimental groups and subjected to behavioral tests. Each group had an approximately 1:1 proportion of males to females, with only 2-3 rats from the same litter assigned to the same group.
All procedures followed the principles of animal care based on the Guide for the Care and Use of Laboratory Animals (5) and Mexican law requirements. The experimental protocol received authorization from the Biomedical Research Institute Ethical Committee, National Autonomous University of Mexico (UNAM).
Behavioral tests
Elevated plus maze. -The elevated plus maze (EPM) was constructed of wood and situated in a white light illuminated room (40 lux). The maze consisted of two opposite open and closed arms set in a plus configuration. The apparatus was elevated 50 cm above the floor. Open arms (50 cm length × 10 cm width) were painted white. Closed arms (50 cm length × 10 cm width × 40 cm height) were painted black. Rats were individually placed in the center of the maze, facing an open arm. The animals were free to explore the EPM for 5 min. The EPM is used to assess anxiety-like behavior, in which higher "anxiety" is associated with less exploration of the open arms. We recorded the number of entries into and time spent on the open arms, which are indicators of exploratory activity in a situation commonly avoided by rats, which naturally prefer closed and dark places. We also calculated the anxiety index according to Cohen et al. (6) . The anxiety index is calculated as the proportion of entries into and time spent on the open arms relative to the duration of the test and the total number of entries. A higher anxiety index reflects higher "anxiety." The EPM was cleaned with a 5 % ethanol solution after each animal was tested. Behavioral data of animals that fell from the maze were excluded from the analyses.
Open field test. -After the EPM test, each infant rat underwent the open field test (OFT) for 5 min to evaluate the effects of treatments on spontaneous locomotor activity. The automatic motor activity monitor (Acti-Track v2.7.10, PanLab Instruments, S.L., Spain) consisted of a Perspex box (45 cm length × 45 cm width) with 35 cm high walls that contained a total of 32 infrared beams, 16 on each perpendicular wall. Infrared sensors were connected to an interface (LE 8811, LSI Letica Scientific Instruments, Spain) and a computer to record rats' movements. The floor of the cage was virtually divided into five zones (four peripheral zones and one central zone). The test lasted 5 min. We recorded the number of entries into each zone (crossings) and the number of crossings in the central zone. Rats usually prefer to stay close to walls and avoid crossing the center of any area. A larger number of crossings in the central area reflects lower "anxiety" (7) . No other behaviors, such as rearing or grooming, were evaluated. After each experimental session, the locomotor activity box was carefully cleaned with 5 % ethanol.
Diazepam dose-response study
To determine the minimum anxiolytic dose of diazepam in infant rats at PND21, five groups of rats were taken directly from their housing facilities and received different treatments. The first group was the negative control that received 0.9 % NaCl (control, n = 15), while the other four groups were injected with different doses of diazepam (Valium 10, Hoffman-La Roche, Switzerland): 0.1 mg kg -1 (DZP-0.1, n = 11), 0.5 mg kg -1 (DZP-0.5, n = 12), 1 mg kg -1 (DZP-1, n = 12), and 5 mg kg -1 (DZP-5, n = 9). All injections were subcutaneous with a volume of 0.3 mL per rat. One hour after the injection, the rats were individually subjected to the EPM and OFT. All the procedures were performed during the light period between 11:00 a.m. and 3:00 p.m.
Effect of diazepam in rats subjected to forced swim stress
Another set of PND21 rats was assigned to three different groups. The first group received only vehicle (0.9 % NaCl) and was then subjected to the EPM and OFT (control, n = 12). The second group underwent a single session of forced swim and received vehicle before it was subjected to the EPM and OFT (FS, n = 12). The third group received diazepam 23 h after being forced to swim and was then subjected to the EPM and OFT (FS+DZP, n = 7). One hour after the injection, the three groups were subjected to the EPM and OFT. The 0.5 mg kg -1 dose of diazepam was chosen based on the aforementioned dose-response pilot study.
Stress session
The rats were individually placed in an acrylic cylinder (49 × 20 cm) filled with clean water (25 ± 1 °C) to a depth of 25 cm for 15 min. At the end of the forced swim session, the rats were placed in a dry and clean cage and then returned to their housing facilities. The behavioral tests were conducted 24 h after this single forced swim session in which no behaviors were measured or recorded.
Statistical analysis
The data were analyzed using the Kruskal-Wallis test because the data followed a non-parametric distribution. When differences were detected, we used Dunn's multiplecomparison post hoc test and p-values ≤ 0.05 were considered statistically significant. All statistical analyses were performed using Sigma Stat 3.5 software (Systat Software, Chicago, IL, USA). The results are presented as the H test statistic, degrees of freedom, and p-values. The data are expressed as mean ± standard error of the mean (SEM).
RESULTS AND DISCUSSION
Diazepam dose-response study
Elevated plus maze. -The main aim of the present study was to determine the minimal anxiolytic dose of diazepam in non-stressed weaning rats. In the EPM, an increase in the time spent on the open arms reflects a low level of "anxiety," and an increase in the time spent on the closed arms reflects a high level of "anxiety," given that rats prefer to stay in enclosed and dark places (1). DZP-0.5, DZP-1 and DZP-5 increased significantly the time spent on the open arms of the EPM (H 4 = 17.956, p < 0.001) in PND21 rats compared to the control group (Table I ). This effect is considered an anxiolytic-like effect in preclinical research, given that diverse clinically effective anxiolytic drugs increase this variable in the EPM. The 0.1 mg kg . Here, a ceiling effect was observed, since higher doses (1 and 5 mg kg . The anxiety index is a robust measure of anxiolytic action. The anxiety index decreases when an anxiolytic action is detected (6) . A low anxiety index was observed in the DZP-0.5, DZP-1, and DZP-5 groups compared to the control group (H 4 = 17.717, p < 0.001), with no significant differences between doses higher than the minimal effective dose. A novel finding of the present study was that 0.5 mg kg -1 exerted an anxiolytic effect that appeared to be effective in weaning rats. The effective dose of diazepam in reducing indicators of anxiety in adult rats, as reported by our research group and some others, is 1-2 mg kg -1 (4, 8, 9) , and in contrast, as stated by other authors, doses from 0.1-0.625 mg kg
were ineffective to reduce anxiety in adult mice and rats (9, 10) .
Open field test. -Locomotor activity in the OFT is commonly assessed in studies of anxiety and the actions of anxiolytic drugs. These can produce sedative actions to discard possible influences on locomotion (e.g., restlessness or freezing). In the present study, the DZP-5 group had the smallest number of total crossings (H 4 = 11.214, p = 0.024) and the smallest number of crossings in the central zone (H 4 = 10.067, p = 0.039) compared to other groups (control, DZP-0.1, DZP-0.5, and DZP-1; Table I ). This hypoactivity illustrates a seda- tive effect of 5 mg kg -1 diazepam, an effect consistent with a previous study that found that the 5 mg kg -1 dose increased sedation scores in PND28 rats (11) . This finding in the DZP-5 group suggests that 5 mg kg -1 should not be administered in weaning rats because it is sedative rather than anxiolytic. In contrast, a single dose of 2 mg kg -1 produced anxiolytic actions in adult rats without influencing locomotion (8) . Therefore, non-stressed weaning rats respond to a dose of diazepam that is 25 % of the effective anxiolytic dose in adult rats, without producing sedative actions.
Stressed rats
Elevated plus maze. -A single session of forced swimming is able to produce marked changes in neuronal firing in limbic structures 1 day after the first session (12) . Therefore, in the present study, weaning rats were forced to swim and were behaviorally tested on the following day in a model of anxiety. Diazepam was selected as the anxiolytic drug at the minimally effective anxiolytic dose determined in the first experiment (i.e., 0.5 mg kg -1 ), which was administered before the behavioral tests. The FS group exhibited a significant decrease in the time spent on the open arms (H 2 = 22.271, p < 0.001) compared to the control group. This decrease was reversed in the FS+DZP group, thus demonstrating an anxiolytic action (Fig. 1a) . No differences were observed between the FS+DZP and control groups. The anxiety index was significantly higher in the FS group compared to the control and FS+DZP groups (H 2 = 20.150, p < 0.001; Fig. 1b) . Our contribution to the literature consists of the use of forced swimming as an inducer of anxiety in weaning rats. We found that a lower dose of diazepam than that used in adult rats is sufficient to reduce anxietylike behavior produced by the stressful situation of being forced to swim in weaning rats. Forced swimming is an inescapable situation. We found that young rats were clearly sensitive to this stressor, supporting other observations in which pre-weaning rats exhibited species-specific stress responses that were related to anxiety (i.e., freezing and fewer vocalizations) when they were subjected to maternal isolation (13) .
Open field test. -The FS group exhibited fewer total crossings in the OFT compared to the control group (H 2 = 17.260, p < 0.001). Diazepam administration in the FS+DZP group reversed the anxiogenic effect of swim stress (Fig. 2a) . Decreases in locomotion have been observed when rats or mice are subjected to stressful situations, which is correlated with anxiety-like behavior in various experimental models of anxiety. Rats in the FS group that were forced to swim made ~55 % fewer crossings in the central zone compared to the control group (H 2 = 7.609, p < 0.022), and this effect was reduced by diazepam (Fig. 2b) . This observation is consistent with other studies that found a reduction of central crossings in the OFT in "anxious" animals (8) . Diazepam increased locomotion in the central zone in the FS+DZP group, thus reflecting a lower state of anxiety (8) . These results suggest that a single session of forced swimming produced clear anxiogenic-like effects in the OFT, an effect that was absent in non-stressed rats, which allowed assessment of anxiolytic actions of diazepam. Notably, the effects of drugs may be different in animals that come directly from their home cages compared to animals that are subjected to stress before testing.
Forced swimming is generally used to measure antidepressant actions and despair, but our results indicate that it is also useful for producing anxiety. Therefore, in agreement with other authors, forced swimming should be considered in studies of stress and related disorders beyond depression (14) . In humans, anxiety-related disorders are strongly linked to stress exposure, which can affect adults, adolescents and children and be comorbid with depression (15) . Studies of the therapeutic potential of pharmacological strategies to control anxiety have been mainly conducted in adults, thus failing to develop or evaluate such pharmacological strategies for the treatment of anxiety symptoms in young individuals.
CONCLUSIONS
A single session of forced swimming was an aversive stimulus that produced anxiogenic-like effects in weaning rats. This finding supports the concept that an early stressor impacts the emotional state of young rats. Young rats were sensitive to the actions of the anxiolytic drug diazepam at a dose that is typically ineffective in older rats. Administration of low-dose anxiolytics in very young subjects demands new schedules of drug administration to be developed. Such revised administration regimens may avoid potential side effects and development of pharmacological resistance to or dependence on benzodiazepines, but further studies are needed to investigate this possibility. This study evaluated the effect of a stressful situation on anxiety-like behavior in young PND21 rats. The present findings may impact the design of new experiments that evaluate pharmacological strategies to ameliorate anxiety symptoms in very young individuals. We found that only 25 % of the effective dose of diazepam that is used in adult rats was sufficient to significantly reduce anxiety-like behavior in young rats. We suggest that young and adult individuals exhibit differential sensitivity to anxiolytic drugs. Preventing the use of excessive or unnecessary doses of anxiolytic drugs may avoid side effects in young patients.
